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SYSTEM AND METHOD FOR MEASURING
PARAMETERS OF A DC MOTOR FIELD

BACKGROUND OF THE INVENTION

The system and method of the invention relate to the
measurement of parameters of a DC motor, and more
particularly, to parameters of a field of a DC motor.

DC motors are commonly used in a variety of applications
in a variety of operating environments. A DC motor may be
described as having two components. These two compo-
nents include a stationary part, which may be characterized
as a stator, and a moving part that rotates, which is typically
characterized as an armature. The armature is disposed
inside the stator. There are typically four terminals, or
connections to the motor. Two of the connections are to the
motor’s armature through a method which allows transfer of
electrical energy to the rotating part of the motor. The other
two connections are to the motor’s field coils, which reside
in the stator, or stationary part of the motor.

As a voltage is applied to the armature terminal of the dc
motor, and another voltage is applied to the field terminals
of the motor, currents flow in the armature and field coils to
produce a magnetic field that serves to attract or repel the
armature.

As a result, the armature spins within the stator. The
armature is connected to and supported by a shaft of the
motor. Accordingly, the spinning of the armature results in
the spinning of the shaft. The shaft extends outside of the
motor and connects to the equipment to be rotated. These
components including the stator and armature of a DC motor
have various operating characteristics, such as armature
inductance and resistance, and field inductance and resis-
tance characteristics. Some characteristics of a DC motor
may be given by the manufacturer of the motor. However,
other characteristics may need to be measured during com-
missioning of the DC motor, i.e., during the initial set up of
the DC motor, in the particular environment in which the DC
motor will operate.

DC motors are typically controlled by a control system. In
order that the control system accurately control a DC motor,
the various characteristics of the DC motor should be
determined. For example, parameters relating to the nature
of the motor’s armature need to be determined to allow for
proper control of the motor. In addition, another set of
parameters relating to the nature of the motor’s field must be
determined for proper control of field current during normal
motor operation. Among these field parameters are field
resistance as well as inductance parameters. In addition, for
some motor applications, it is necessary to further know the
characteristics of the motor field to the extent that the
magnetic field produced at various field currents is known.
This relationship between field current and resulting mag-
netic field (flux) can be plotted with current on one axis and
flux on the-other axis. It is typically called a flux curve.

There are various known methods for determining the
parameters of a DC motor field However, these methods
typically require that the shaft of the motor be allowed to
rotate during the testing to determine the characteristics of
the DC motor field . In this situation, it is often necessary to
disconnect equipment in order that the shaft be free to rotate.
This disconnection of equipment is also time consuming,
and at times, not feasible, as should be appreciated.
Accordingly, these and other shortcomings exist with known
processes for measuring the operating parameters of a DC
motor.
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2
BRIEF SUMMARY OF THE INVENTION

In accordance with one embodiment of the invention, a
method determines the parameters of the field of a DC
motor. The method comprises obtaining parameters of the
DC motor; and performing an iterative processing loop, the
iterative processing loop being performed n times. The
iterative processing loop includes regulating field current
based on the parameters of the DC motor, and calculating a
field resistance from a field voltage and the field current
measured during the regulating of the field current; operat-
ing in a closed loop mode to determine a first field firing
angle and a second field firing angle; operating in an open
loop mode to determine a first time constant and a second
time constant based on applying the first field firing angle
and the second field firing angle; and determining at least
one parameter of the field of the DC motor based on the first
time constant, the second time constant, and the calculated
field resistance.

In accordance with a further aspect of the invention, the
invention provides a system for determining at least one
parameter of a field of a DC motor, the system comprising:
a processing portion that obtains parameters of the DC
motor, the processing portion performing an iterative pro-
cessing loop, the iterative processing loop being performed
n times, the iterative processing loop including: regulating
field current based on the parameters of the DC motor, and
calculating a field resistance from a field voltage and the
field current measured during the regulating of the field
current; operating in a closed loop mode to determine a first
field firing angle and a second field firing angle; operating in
an open loop mode to determine a first time constant and a
second time constant based on applying the first field firing
angle and the second field firing angle; and determining at
least one parameter of the field of the DC motor based on the
first time constant, the second time constant, and the calcu-
lated field resistance.

In accordance with a further aspect of the invention, the
invention provides a system for determining at least one
parameter of a field of a DC motor, the system comprising:
means for obtaining parameters of the DC motor; and means
for performing an iterative processing loop, the iterative
processing loop being performed n times, the iterative
processing loop including: regulating field current based on
the parameters of the DC motor, and calculating a field
resistance from a field voltage and the field current measured
during the regulating of the field current; operating in a
closed loop mode to determine a first field firing angle and
a second field firing angle; operating in an open loop mode
to determine a first time constant and a second time constant
based on applying the first field firing angle and the second
field firing angle; and determining at least one parameter of
the field of the DC motor based on the first time constant, the
second time constant, and the calculated field resistance.

In accordance with a further aspect of the invention, the
invention provides a method for determining at least one
parameter of a field of a DC motor, the method comprising:
obtaining parameters of the DC motor; and performing an
iterative processing loop, the iterative processing loop being
performed n times. The iterative processing loop includes
regulating field current based on the parameters of the DC
motor, and calculating a field resistance from a field voltage
and the field current measured during the regulating of the
field current; operating in a closed loop mode to determine
a first field firing angle and a second field firing angle, the
operating in a closed loop mode including: regulating the
current to a first high point current and measuring a first field
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firing angle required to obtain the first high point current;
and regulating the current to a first low point current and
measuring a second field firing angle required to obtain the
first low point current; operating in an open loop mode to
determine a first time constant and a second time constant
based on applying the first field firing angle and the second
field firing angle, the operating in an open loop mode
including: setting an open loop firing command to the
second field firing angle; stepping the open loop firing
command to the first field firing angle and measuring the first
time constant based on field current rate of change; and
stepping the open loop firing command back to the second
field firing angle and measuring the second time constant
based on field current rate of change. The method further
includes determining at least one parameter of the field of
the DC motor based on the first time constant, the second
time constant, and the calculated field resistance.

In accordance with a further aspect of the invention, the
invention provides a system for determining at least one
parameter of a field of a DC motor, the system comprising
a processing portion that obtains parameters of the DC
motor, the processing portion performing an iterative pro-
cessing loop, the iterative processing loop being performed
n times, the iterative processing loop including: regulating
field current based on the parameters of the DC motor, and
calculating a field resistance from a field voltage and the
field current measured during the regulating of the field
current; operating in a closed loop mode to determine a first
field firing angle and a second field firing angle, the oper-
ating in a closed loop mode including: regulating the current
to a first high point current and measuring a first field firing
angle required to obtain the first high point current; and
regulating the current to a first low point current and
measuring a second field firing angle required to obtain the
first low point current; operating in an open loop mode to
determine a first time constant and a second time constant
based on applying the first field firing angle and the second
field firing angle, the operating in an open loop mode
including: setting an open loop firing command to the
second field firing angle; stepping the open loop firing
command to the first field firing angle and measuring the first
time constant based on field current rate of change; and
stepping the open loop firing command back to the second
field firing angle and measuring the second time constant
based on field current rate of change; and determining at
least one parameter of the field of the DC motor based on the
first time constant, the second time constant, and the calcu-
lated field resistance.

In accordance with a further aspect of the invention, the
invention provides a system for determining at least one
parameter of a field of a DC motor, the system comprising:
means for obtaining parameters of the DC motor; and means
for performing an iterative processing loop, the iterative
processing loop being performed n times, the iterative
processing loop including: regulating field current based on
the parameters of the DC motor, and calculating a field
resistance from a field voltage and the field current measured
during the regulating of the field current; operating in a
closed loop mode to determine a first field firing angle and
a second field firing angle, the operating in a closed loop
mode including: regulating the current to a first high point
current and measuring a first field firing angle required to
obtain the first high point current; and regulating the current
to a first low point current and measuring a second field
firing angle required to obtain the first low point current;
operating in an open loop mode to determine a first time
constant and a second time constant based on applying the
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4

first field firing angle and the second field firing angle, the
operating in an open loop mode including: setting an open
loop firing command to the second field firing angle; step-
ping the open loop firing command to the first field firing
angle and measuring the first time constant based on field
current rate of change; and stepping the open loop firing
command back to the second field firing angle and measur-
ing the second time constant based on field current rate of
change; and determining at least one parameter of the field
of the DC motor based on the first time constant, the second
time constant, and the calculated field resistance.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention can be more fully understood by
reading the following detailed description together with the
accompanying drawings, in which like reference indicators
are used to designate like elements, and in which:

FIG. 1 is a flow chart showing a process for measuring the
parameters of a DC motor field in accordance with one
embodiment of the system and method of the invention;

FIG. 2 is a block diagram showing a field measurement
system in accordance with one embodiment of the invention;

FIG. 3 is a representative scope tracing showing two
cycles of the measurement process in accordance with one
embodiment of the invention;

FIG. 4 is a flux curve plotting field flux against field
current in accordance with one embodiment of the inven-
tion; and

FIG. 5 is a representative scope tracing showing aspects
of the measurement process in accordance with one embodi-
ment of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

Hereinafter, aspects of the systems and methods for
measuring parameters of a DC motor in accordance with
various embodiments of the invention will be described. As
used herein, any term in the singular may be interpreted to
be in the plural, and alternatively, any term in the plural may
be interpreted to be in the singular.

The system and method of the invention are directed to
the above stated problems, as well as other problems, that
are present in conventional techniques. The foregoing
description of various products, methods, and apparatus and
their attendant disadvantages is in no way intended to limit
the scope of the present invention, or to imply that the
present invention does not include some or all of the various
elements of the products, methods, and apparatus in one
form or another. Indeed, various embodiments of the inven-
tion may be capable of overcoming some of the disadvan-
tages noted herein, while still retaining some or all of the
various elements of the products, methods, and apparatus in
one form or another.

The system and method of the invention provide for the
accurate measurement of the parameters of a DC motor field.
The process of the invention provides for such measurement
without the necessity to lock, or alternatively to rotate, the
motor shaft during the testing. In accordance with one
embodiment of the invention, the process utilizes a combi-
nation of a field current regulator and open loop firing
commands to determine time constants between various
field current points. These time constants are then used in the
testing process. In particular, the process of the invention
accurately measures several flux points for the field of the
particular DC motor being tested.



US 6,633,144 B2

5

The process provides accurate information relating to the
parameters of the DC motor including flux parameters,
inductance parameters and field resistance parameters, for
example. That is, the system and method of the invention
provides for the measurement of field resistance and a
determination of a flux curve that characterizes the param-
eters of the DC motor. In accordance with some embodi-
ments of the invention, the process of the invention may be
utilized to obtain accurate field data without any given data
except rated field current. Accordingly, even with an unde-
termined stability for a field current regulator, the process of
the invention may perform an “open loop” ramp up of the
field current in a stable manner. Based on the initial data
found during this ramp up of the field current, the process of
the invention performs an estimation of field resistance and
a variety of measured time constants. These measured
parameters allow for a set up of stable operation of a field
current regulator.

This stable set up of the field current regulator is then used
periodically during the remainder of the process of the
invention. That is, the stable current regulator is thereafter
used several times to step through a series of current points.
A measurement of the firing angle is made at each of these
points. The process in accordance with some embodiments
of the invention uses these measured firing angles to step
from one current point to another. As a result, the process
measures an incremental time constant between each set of
current points. The time constant for each step is used, along
with resistance measurements taken prior to each current
step, to calculate incremental flux measurements. This “cur-
rent regulator assisted” measurement of resistance allows for
an accurate measurement of flux even in the situation of a
cold motor whose resistance is changing with time.

FIG. 1 is a flow chart showing the process in accordance
with one embodiment of the invention. It should be appre-
ciated that FIG. 1 shows an illustrative sequence of process
steps. However, it should be appreciated that other
sequences could be utilized. In particular, FIG. 1 illustrates
the combinational use of a field current regulator, closed
loop regulation measurements, and an open loop gating
commands obtained from the closed loop regulation mea-
surements.

The process of FIG. 1 will be described below in con-
junction with FIG. 2. FIG. 2 is a block diagram showing a
field measurement system 1 00 in accordance with one
embodiment of the system and method of the invention. The
field measurement system 100 includes a controller 102.
Further, the field measurement system 100 includes a power
source 104, a field exciter converter 106 and a motor 108.
The motor 108 includes a motor field 110 as shown in FIG.
2. Utilizing the process of the invention, the controller 102
may determine the characteristics of the motor field 110.

The controller 102 includes various components as shown
in FIG. 2. The controller 102 includes a processing portion
120 and a bridge interface portion 130. The processing
portion 120 performs controller sequencing and field param-
eter calculations. Further, the bridge interface portion 130
includes controller circuits, performs field firing, and per-
forms feedback sampling. The processing portion 120 may
be in communication with the bridge interface portion 130
in any suitable manner. Accordingly, for example, it should
be appreciated that the processing portion 120 and the bridge
interface portion 130 do not have to be in the same geo-
graphical location. The controller 102, utilizing the process-
ing portion 120 and the bridge interface portion 130, oper-
ates to determine the characteristics of the motor field 110 in
the motor 108.
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The processing portion 120 includes a field current regu-
lator 122, a field measurement sequencer 123, a calculations
portion 124 and a bi-phase lock loop portion 125. The field
measurement sequencer 123, working in conjunction with
the other components of the controller 102, performs the
processing steps shown in FIG. 1, in accordance with one
embodiment of the invention. Further, the processing por-
tion 120 includes an output portion 126. The calculations
portion 124 outputs information, which has been generated
by the calculations portion 124, to the output portion 126.
This information, for example, includes field inductance
information, as well as flux point information. This infor-
mation may then be used throughout the life of the motor
108.

As is described above, the bridge interface portion 130
includes controller circuits and performs field firing and
feedback sampling. The bridge interface portion 130
includes a field firing processing portion 132 that contains a
field firing algorithm.

The field firing processing portion 132 specifically con-
trols firing of the motor field, working in conjunction with
the field exciter converter 106, shown in FIG. 2.

The bridge interface portion 130 further includes a sam-
pling portion 140. The sampling portion 140 includes an AC
line voltage sampling and conversion portion 142, a field
voltage sampling and conversion portion 144, and a field
current sampling and conversion portion 146. The AC line
voltage sampling and conversion portion 142 obtains AC
line voltage input from the power source 104, as shown in
FIG. 2. Further, the field voltage sampling and conversion
portion 144 obtains field voltage sampling from the output
of the field exciter converter 106, i.e., the input to the motor
108. Further, the field current sampling and conversion
portion 146 samples field current from the motor field 110.
Further operations of the sampling portion 140 and its
interaction with the processing portion 120 will be described
in further detail below.

In accordance with one embodiment of the invention, the
controller 102 utilizes a combination of open loop field
firing operation and closed loop field current regulator
operation to determine the desired parameters of the motor
field 110, using iterative loops of a portion of the process for
different current points to obtain corresponding flux points.
Accordingly, these two modes are utilized in conjunction
with each other, i.e., first the closed mode and then the open
mode. Data is learned from the closed loop mode of the
process, which in turn allows accurate stepping of field firing
commands in the open loop mode to obtain a particular
current. As a result, this processing allows for a stable closed
loop mode to operate.

Hereinafter, further aspects of the process of FIG. 1, in
conjunction with operation of the field measurement system
100 shown in FIG. 2, will be described. It should be
appreciated that the field measurement system 100 of FIG.
2 illustrates one exemplary operating system. However, it
should be appreciated that other operating systems may be
utilized to perform the process of the invention. For
example, it should be appreciated that multiple components
shown in FIG. 2 might be combined into a single component
so as to perform the processing of the invention.
Alternatively, for example, a single component as shown in
FIG. 2 might be separated into multiple components so as to
perform the processing of the invention.

In accordance with one embodiment of the invention, the
process includes inputting initial information. This initial
information may include, for example, field rated amps, field



US 6,633,144 B2

7

minimum amps, motor rated power, nominal Field AC input
voltage, and phase relationship of Field AC input voltage
with the main DC bridge AC input voltage. Further, it should
be appreciated that a user may input a value for field
resistance. If the user does not provide a value for field
resistance, the controller 102 may perform a preliminary
estimate of the field resistance using “field rated amps” and
“motor rated power”. In either case, the value of field
resistance found by the controller 102 is used later in the
process, as described below.

As shown in FIG. 1, the process is initiated by the field
measurement sequencer 123 in step S1. In step S1, the
process ramps up field currents slowly by ramping down the
field firing command (alpha) open loop. Thereafter, the
process saves the alpha values corresponding to the initial
current steps. These alpha values are later used in S2. The
alpha values may be saved in any suitable manner, such as
by utilizing a memory 128, as shown in FIG. 2.

To explain further with reference to FIG. 2, the field
measurement sequencer 123, working in conjunction with
the field current regulator 1 22, ramps a field firing angle
command in an open loop mode. This ramping is performed
at a rate slow enough for a motor field of extremely long
time constants. It should be appreciated that the field current
regulator 122 does not have to be tuned at this point in the
process. The field measurement sequencer 123 extracts
alpha firing commands for two different current points
during the slow ramp-up of current. These two field current
points are the two highest current values, ie., of the “n”
values of current provided. The two firing angles may then
be used later to step the field current between the two levels
in the open loop mode. Accordingly, as illustrated in FIG. 1,
rated field current is obtained as a process passes from step
S1 to step S2.

FIG. § is a representative scope tracing 502 showing
aspects of the measurement process in accordance with one
embodiment of the invention. That is, FIG. § shows steps
S1-S5 of FIG. 1, as described herein. The scope tracing 502
shows the variance of field current as the process advances
through steps S1 to s5. As shown in FIG. 5, the numbered
circles correspond to the steps of FIG. 1 during the process.

As shown in the flow chart of FIG. 1, in step S2, the
process measures the initial field resistance at rated field
current, and then measures an initial “tau,” i.e., a time
constant value, by stepping the field firing command (alpha)
between the two values found in S1 to achieve an initial
high, then low point current. To explain step S2 in further
detail, once rated current is reached by the open loop process
of step S1, the controller 102 measures field current and field
voltage in order to obtain an initial field resistance. The
controller 102 then steps down field current to the lowest
point found in step S1 of the process utilizing an open loop
firing command. The controller 102 then steps current up,
and then back down again, so that two time constant
measurements can be made. The average of these time
constant measurements, along with the initial resistance
measurement, is used to calculate an initial inductance
measurement. This initial inductance measurement is per-
formed by the calculations portion 124 in the processing
portion 120. It should be appreciated that this processing
provides an estimate of the “top incremental inductance.”

After step S2 in the process of FIG. 1, the process passes
to step S3. In step S3, the process uses the initial inductance
(L) and initial resistance (R) values to set field regulator
gains and start field regulation. To explain step S3 further,
after initial field resistance and estimated incremental induc-
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tance values are obtained, these values are utilized by the
processing portion 120 to make gain calculations for the
field current regulator 122. Specifically, the calculations
portion 124 generates the gain calculations for the field
current regulator 122. The field current regulator 122 is
enabled using these gains. This enablement of the field
current regulator 122 in closed loop mode is used periodi-
cally throughout the rest of the test process, as is described
in further detail below. After step S3, the process passes to
step S4.

In step S4 as shown in FIG. 1, the process turns off the
field gating and measures the field current offset. More
specifically, the controller 102, in step S4, turns the field
current regulator 122, as well as the field firing processing
portion 132, off. As a result, the motor field 110 is allowed
to decay for an amount of time based on the initial estimated
incremental inductance and initial resistance measurements.
Further, after an appropriate delay, the processing portion
120 measures the field current offset and applies that field
current offset to the field current feedback measurement as
illustrated in the summing junction 152 (FIG. 2). That is, the
processing portion 120 receives a sampling from the field
current sampling and conversion portion 146, and combines
that sampling with the field current offset in the summing
junction 152. Thereafter, the generated field current feed-
back 154 is generated for further processing in the process-
ing portion 120.

After step S4, the process passes to step 55. Upon
initiating step S5, an iterative loop is initiated as shown in
FIG. 1. That is, steps 5-10 as shown in FIG. 1 are repeated
in order to generate multiple flux values. This iterative
process, which is controlled by the field measurement
sequencer 123, may be repeated as many times as is desired
to obtain a reasonable number of field flux points corre-
sponding to the same number of field current points. That
number may be determined by current and voltage feedback
resolution and the desired refinement of the estimation of the
flux curve. Four to six points might illustratively be con-
sidered to be a typical number.

FIG. 3 is a representative scope tracing 302 showing two
complete cycles of the, measurement process in accordance
with one embodiment of the invention. That is, FIG. 3 shows
steps S5-S10 of FIG. 1 being repeated two times. The scope
tracing 302 shows the variance of field current as the process
advances through steps 5-10. As shown in FIG. 3, the
numbered circles correspond to the steps of FIG. 1 during
the iterative process. Note that S5, S6 and S7 generally use
the field firing regulator in closed loop mode, while S8, S9,
and S10 generally use the open loop mode.

The iterative process begins with step S5 as shown in FIG.
1. In step S5, the process regulates rated current, and
measures field voltage and current for a particular flux
calculation. To explain further, the field measurement
sequencer 123, in step S5, turns the field current regulator
122 back on with a reference equal to rated field current, i.e.,
the highest of the “n” current points. When rated field
current is obtained, measurements of field voltage are
obtained by the field voltage sampling and conversion
portion 144. Also, field current feedback is obtained by the
field current sampling and conversion portion 146. Further,
a calculation of resistance is performed by the calculation
portion 124 utilizing this feedback. The resistance calcula-
tion performed by the calculation portion 124 will be used
along with the upcoming time constant measurement,
described below, to calculate an incremental inductance and
incremental flux between the two current points being
measured. It should be appreciated that each pass of the
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loop, i.e., steps 5-10 as shown in FIG. 1, will result in an
incremental flux measurement which is valid for the incre-
mental range of the curve between the “low point” and the
“high point.” After step S5, the process passes to step S6.
The calculation of field resistance is simply the measured
field voltage divided by the measured field current. This
calculation may be provided by the representative process-
ing portions (12, 14) as shown in FIG. 1. Further, it should
be appreciated that the field voltage might be obtained using
a suitable estimation process, as is desired, such that an
estimated field voltage is obtained. This would in turn allow
the calculation of the field resistance.

It should be noted that field resistance will change some-
what throughout the duration of the test as the field windings
heat up. This is especially true if the motor has not warmed
up prior to the test. For this reason, field resistance is
measured each pass of the loop so as to later calculate an
accurate time constant for the particular step in field current.

In step S6, the process regulates the current at the next
high point and measures the alpha value required to obtain
that current. To explain, the field measurement sequencer
123, in step S6 of the process, gives the current regulator 122
a reference equal to the next “high point” to which field
current will be stepped in the motor field 110. When that
field current is obtained in the motor field 110, the field
current is measured along with the field firing angle (alpha
value) required to achieve the current. The Field Measure-
ment Sequencer 123 then puts the field regulator in open
loop mode and gives the alpha command that was just
measured in closed loop mode in order to check accuracy.
That is, in the open loop mode, the accuracy of the field
current obtained is checked by the processing portion 120.
If the field current, which is obtained by the field current
sampling and conversion portion 146, is not within a toler-
ance of the expected value, the alpha command is trimmed
to obtain that current. Thereafter, the processing portion 120
saves the alpha value for the next step. It should be appre-
ciated that any suitable memory such as the memory 128,
might be utilized to save such alpha value. In general, it
should be appreciated that the memory 128 may be used by
the various components of the controller 102 to save the
various data utilized during the process of the invention.
After step S6, the process passes to step S7, in which the
process toggles back to a closed loop mode.

As shown in FIG. 1, in step S7 the process regulates the
current to the next low point and measures the alpha value
required to obtain that current. That is, the sequencer portion
123 provides the field current regulator 122 a reference
equal to the next “low point” to which the field current will
be stepped. When that field current is obtained in the motor
field 110, the field firing command (alpha) used to obtain
that current is measured. After step S7, the process then
passes to step S8.

In step S8, the process operates in an open loop mode.
That is, the process in accordance with this embodiment of
the invention sets the open loop firing command to the alpha
value found in step S7. That is, the field measurement
sequencer 123 fires the motor field exciter converter 106 in
an “open loop” mode with the alpha value found in step S7.
If the field current, obtained utilizing the field current
sampling and conversion portion 146, is not within a toler-
ance of the expected value, the alpha command is trimmed
to obtain that current. The resultant alpha command is also
saved away for the step down of current in step S10 of the
process, described below. After step S8, the process passes
to step S9.

In step S9 as shown in FIG. 1, the process steps the field
firing command (alpha value) to the value found at the “high
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current”. Further, the process measures the time constant
necessary to obtain that current. More specifically, the field
current regulator 122 is left in the “open loop” mode and the
alpha command is stepped to the “high point” alpha value
found in step S6. Further, the processing portion 120 mea-
sures the time constant as the field current responds to the
step in alpha value. After step S9, the process passes to step
S10.

As shown in FIG. 1, in step S10 the process steps the field
firing command (alpha value) to the value found at the “low
current”. Further, in step S10, the process then measures the
time constant. Thereafter, the process in accordance with
this embodiment of the invention calculates the inductance
and flux from the resistance and time constant. More
specifically, after completion of the time constant measure-
ment in step S9 as described above, the alpha command is
stepped to the “low point” alpha value found in step S7. The
time constant is again measured. The time constant obtained
from this step is averaged with the time constant found in
step S9. That average time constant, along with the calcu-
lated resistance from step S§, is used by the processing
portion 120, and specifically the calculations portion 124, to
calculate an incremental inductance and an incremental flux
corresponding to the two points, or levels, to which field
current was stepped.

As discussed above, step S5 through step S10 may be
repeated as is desired. That is, step S5 through step S10 is
repeated until incremental flux calculations between all the
current data points are obtained, as is desired. Illustratively,
there may be five data points. In this situation with five data
points, five incremental fluxes will be obtained by perform-
ing five loops of steps S5-S10 as shown in FIG. 1. Each
incremental flux calculation is calculated as a result of open
loop steps of alpha to achieve steps in field current between
each of the sets of current points. If there are, five current
points named I1 to IS with I1 being the lowest in value, the
first step in current is from 0 to I1, the second from I1 to 12,
and so on, with the last step being from 14 to I5. The total
flux at the highest current point is the sum of the incremental
fluxes. For example, if the resultant calculated incremental
fluxes are called Flx1, Flx2 . . . . FIx5, the total flux
corresponding to the highest current point, or 15, is the sum
of all five incremental fluxes: Total flux=Fix1+FIx2+FIx3+
Flx4+FIxS.

Once the process is iteratively looped through steps
S5-S10 as is desired, the process passes to step S11.

In step S11 the data has been gathered by the processing
portion 120, which allows the processing portion to perform
a variety of calculations. Further, the processing portion 120
may check the validity of measurements in step S11. All
incremental fluxes must be a positive value, so that the flux
is always increasing with current for the plot of flux verses
current.

For example, a field resistance utilized for the field current
regulator 122 integral path 158 may be calculated. The last
resistance calculation may be used for this calculation of
field resistance, i.e., since the field will be slightly warmer
by the end of the process of steps 5-10. This last measured
field resistance may be used for calculation of the gain for
the field regulator integral path 158.

Further, a final incremental inductance may be calculated.
This final incremental inductance is a measurement between
the two highest current points, i.e., 14 and 15 in the example
above. The final incremental inductance is used for the
proportional path gain 156 of the field current regulator 122.
The field regulator integral path, 158, proportional path, 156,
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and firing angle conversion, 159, may then be able to run in
the closed loop mode for the life of the motor using the
results calculated from this process.

Further, a total (or cord) field inductance may be calcu-
lated. The total field inductance is used by the controller 102
for a number of purposes during normal running of the
motor. The total field inductance may be calculated as the
total flux at the highest current point divided by the value of
the highest current point.

In accordance with one aspect of the invention, the
process as described above generates a flux curve 402, as
illustratively shown in FIG. 4. The flux curve 402 of FIG. 4
is a graph plotting field flux 404 against field current 406.
Specifically, the flux curve 402 of FIG. 4 includes points 1
to 5 that plots five different fluxes corresponding to the five
different current points generated by the controller 102. The
flux for any given point is the sum of the incremental fluxes
up to that particular point. Illustratively, if the current points
are 1,2, 3,4 and 5 amps, the incremental fluxes found would
correspond to the current steps made between 0 amp and 1
amp, 1 amp and 2 amps, 3 amps and 4 amps, and 4 amps and
5 amps. Note that the 1fld(1) to 1fld(5) indicia on the field
current axis 406 are merely indicative of current points and,
as shown in FIG. 4, not indicative of the particular amperage
of the current points.

As described above, the calculations portion 124 performs
calculations in accordance with one embodiment of the
invention. For example, the calculations portion 124 calcu-
lates the incremental flux. Each incremental flux (Flux_ Inc)
may be calculated, for any specific point n, as follows:

Flux_ Inc(n)=L_ Inc*[(I(n)-I(n-1)] Equation 1
and
L_ Inc=Time_ Constant(n)*Resistancc(n) Equation 2

Where:Flux_ Inc(n) is the flux at a particular point n;

I(n) is the current at the particular point n;

Time Constant(n) is the time constant at the particular
point n; and

Resistance(n) is the resistance at the particular point n.

Further, these equations, for example, can utilize the
relationship:

Flux(n)=Flux_ Inc(n)+Flux_ Inc(n-1)+Flux_ Inc(n-2)+Flux__
Inc(n-3) . . . +Flux_Inc(1) Equation 3

Where any incremental flux is then:

Time Constant(sz, n — 1) = Resistance(iz) Equation 4
[{(n) = 1n—1)]

Flux_Inqn) =

The time constant is the amount of time, for example in
seconds, that it takes the field current to reach 63.2% of its
final value when referenced to the current from which it was
stepped.

It will be readily understood by those persons skilled in
the art that the present invention is susceptible to broad
utility and application. Many embodiments and adaptations
of the present invention other than those herein described, as
well as many variations, modifications and equivalent
arrangements, will be apparent from or reasonably sug-
gested by the present invention and foregoing description
thereof, without departing from the substance or scope of the
invention.

Accordingly, while the present invention has been
described here in detail in relation to its exemplary
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embodiments, it is to be understood that this disclosure,
which includes the attachments, is only illustrative and
exemplary of the present invention and is made to provide
an enabling disclosure of the invention. Accordingly, the
5 foregoing disclosure is not intended to be construed or to
limit the present invention or otherwise to exclude any other
such embodiments, adaptations, variations, modifications
and equivalent arrangements.
What is claimed is:
10 1. A method for determining at least one parameter of a
field of a DC motor, the method comprising:
obtaining parameters of the DC motor; and
performing an iterative processing loop, the iterative
processing loop being performed n times, the iterative
15 processing loop including:
regulating field current based on the parameters of the
DC motor, and calculating a field resistance from a
field voltage and the field current measured during
the regulating of the field current;
20 operating in a closed loop mode to determine a first
field firing angle and a second field firing angle;
operating in an open loop mode to determine a first time
constant and a second time constant based on apply-
ing the first field firing angle and the second field
25 firing angle; and
determining at least one parameter of the field of the
DC motor based on the first time constant, the second
time constant, and the calculated field resistance.
2. The method of claim 1, wherein operating in a closed
30 loop mode to determine a first field firing angle and a second
field firing angle includes:
regulating the current to a first high point current and
measuring a first field firing angle required to obtain the
first high point current; and

regulating the current to a first low point current and

measuring a second field firing angle required to obtain
the first low point current.

3. The method of claim 1, wherein operating in a closed
loop mode to determine a first field firing angle and a second
field firing angle is done in conjunction with:

generating a command based on at least one of the first

field firing angle and the second field firing angle to
generate a measured field current in an open loop
mode;

4 checking the measured field current to determine if the
measured field current is within a tolerance of an
expected value; and

if the measured field current is not within a tolerance of
50 an expected value, then

trimming the at least one of the first field firing angle an
the second field firing angle.
4. The method of claim 1, wherein operating in an open
loop mode to determine a first time constant and a second
55 time constant includes:
setting an open loop firing command to the second field
firing angle;
stepping the open loop firing command to the first field
firing angle and measuring the first time constant based
60 on field current rate of change; and
stepping the open loop firing command back to the second
field firing angle and measuring the second time con-
stant based on field current rate of change.
5. The method of claim 4, wherein setting an open loop
65 firing command to the second field firing angle includes:
firing the field of the DC motor in an open loop mode
based on the second field firing angle;



US 6,633,144 B2

13

determining if field current in the motor field is in the
tolerance of an expected value; and

trimming the second field firing angle, if the field current
in the motor field is not in the tolerance of an expected
value, so as to obtain the expected value.

6. The method of claim 1, wherein obtaining parameters
of the DC motor includes inputting at least one of field rated
amps, field minimum amps, motor rated power, nominal
field AC input voltage, and phase relationship of field AC
input voltage with main DC bridge AC input voltage.

7. The method of claim 1, wherein obtaining parameters
of the DC motor includes determining an initial inductance
and an initial resistance value.

8. The method of claim 7, wherein obtaining parameters
of the DC motor includes:

stepping down field current to a low point utilizing an
open loop firing command to measure a first initial time
constant; and

stepping current up, and then back down again, to mea-

sure a second initial time constant.

9. The method of claim 8, wherein the average of the first
initial time constant and the second initial time constant,
along with a resistance measurement, is used to calculate an
initial inductance measurement.

10. The method of claim 1, wherein the at least one
parameter of the field of the DC motor is an incremental flux
of the field of the DC motor.

11. The method of claim 1, wherein regulating field
current based on the parameters of the DC motor includes
regulating the field current to a rated current of the field.

12. A system for determining at least one parameter of a
field of a DC motor, the system comprising:

a processing portion that obtains parameters of the DC
motor, the processing portion performing an iterative
processing loop, the iterative processing loop being
performed n times, the iterative processing loop includ-
ing:
regulating field current based on the parameters of the
DC motor, and calculating a field resistance from a
field voltage and the field current measured during
the regulating of the field current;

operating in a closed loop mode to determine a first
field firing angle and a second field firing angle;

operating in an open loop mode to determine a first time
constant and a second time constant based on apply-
ing the first field firing angle and the second field
firing angle; and

determining at least one parameter of the field of the
DC motor based on the first time constant, the second
time constant, and the calculated field resistance.

13. The system of claim 12, wherein operating in a closed

loop mode to determine a first field firing angle and a second
field firing angle includes:

regulating the current to a first high point current and
measuring the first field firing angle required to obtain
the first high point current; and regulating the current to
a first low point current and measuring the second field
firing angle required to obtain the first low point
current.

14. The system of claim 12, wherein operating in an open
loop mode to determine a first time constant and a second
time constant includes: setting an open loop firing command
to the second field firing angle; stepping the open loop firing
command to the first field firing angle and measuring the first
time constant based on field current rate of change; and
stepping the open loop firing command back to the second
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field firing angle and measuring the second time constant
based on field current rate of change.
15. A system for determining at least one parameter of a
field of a DC motor, the system comprising:
means for obtaining parameters of the DC motor; and
means for performing an iterative processing loop, the
iterative processing loop being performed n times, the
iterative processing loop including:
regulating field current based on the parameters of the
DC motor, and calculating a field resistance from a
field voltage and the field current measured during
the regulating of the field current;
operating in a closed loop mode to determine a first
field firing angle and a second field firing angle;
operating in an open loop mode to determine a first time
constant and a second time constant based on apply-
ing the first field firing angle and the second field
firing angle; and
determining at least one parameter of the field of the
DC motor based on the first time constant, the second
time constant, and the calculated field resistance.
16. A method for determining at least one parameter of a
field of a DC motor, the method comprising:
obtaining parameters of the DC motor; and
performing an iterative processing loop, the iterative
processing loop being performed n times, the iterative
processing loop including:
regulating field current based on the parameters of the
DC motor, and calculating a field resistance from a
field voltage and the field current measured during
the regulating of the field current;
operating in a closed loop mode to determine a first
field firing angle and a second field firing angle, the
operating in a closed loop mode including:
regulating the current to a first high point current and
measuring a first field firing angle required to
obtain the first high point current; and
regulating the current to a first low point current and
measuring a second field firing angle required to
obtain the first low point current;
operating in an open loop mode to determine a first
time constant and a second time constant based on
applying the first field firing angle and the second
field firing angle, the operating in an open loop
mode including:
setting an open loop firing command to the second
field firing angle;
stepping the open loop firing command to the first
field firing angle and measuring the first time
constant based on field current rate of change; and
stepping the open loop firing command back to the
second field firing angle and measuring the second
time constant based on field current rate of
change; and
determining at least one parameter of the field of the
DC motor based on the first time constant, the second
time constant, and the calculated field resistance.
17. The method of claim 16, wherein obtaining param-
eters of the DC motor includes determining an initial induc-
tance and an initial resistance value.
18. The method of claim 16, wherein obtaining param-
eters of the DC motor includes:
stepping down field current to a low point utilizing an
open loop firing command to measure a first initial time
constant; and
stepping current up, and then back down again, to mea-
sure a second initial time constant.
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19. The method of claim 16, wherein the at least one
parameter of the field of the DC motor is an incremental flux
of the field of the DC motor.

20. A system for determining at least one parameter of a
field of a DC motor, the system comprising:

a processing portion that obtains parameters of the DC
motor, the processing portion performing an iterative
processing loop, the iterative processing loop being
performed n times, the iterative processing loop includ-
ing:
regulating field current based on the parameters of the

DC motor, and calculating a field resistance from a
field voltage and the field current measured during
the regulating of the field current;
operating in a closed loop mode to determine a first
field firing angle and a second field firing angle, the
operating in a closed loop mode including:
regulating the current to a first high point current and
measuring a first field firing angle required to
obtain the first high point current; and
regulating the current to a first low point current and
measuring a second field firing angle required to
obtain the first low point current;
operating in an open loop mode to determine a first time
constant and a second time constant based on apply-
ing the first field firing angle and the second field
firing angle, the operating in an open loop mode
including:
setting an open loop firing command to the second
field firing angle;
stepping the open loop firing command to the first
field firing angle and measuring the first time
constant based on field current rate of change; and
stepping the open loop firing command back to the
second field firing angle and measuring the second
time constant based on field current rate of
change; and
determining at least one parameter of the field of the
DC motor based on the first time constant, the second
time constant, and the calculated field resistance.
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21. A system for determining at least one parameter of a
field of a DC motor, the system comprising:

means for obtaining parameters of the DC motor; and

means for performing an iterative processing loop, the
iterative processing loop being performed n times, the
iterative processing loop including:
regulating field current based on the parameters of the
DC motor, and calculating a field resistance from a
field voltage and the field current measured during
the regulating of the field current;
operating in a closed loop mode to determine a first
field firing angle and a second field firing angle, the
operating in a closed loop mode including:
regulating the current to a first high point current and
measuring a first field firing angle required to
obtain the first high point current; and
regulating the current to a first low point current and
measuring a second field firing angle required to
obtain the first low point current;
operating in an open loop mode to determine a first time
constant and a second time constant based on apply-
ing the first field firing angle and the second field
firing angle, the operating in an open loop mode
including:
setting an open loop firing command to the second
field firing angle;
stepping the open loop firing command to the first
field firing angle and measuring the first time
constant based on field current rate of change; and
stepping the open loop firing command back to the
second field firing angle and measuring the second
time constant based on field current rate of
change; and
determining at least one parameter of the field of the
DC motor based on the first time constant, the
second time constant, and the calculated field
resistance.



